Abstract
Introduction
Dynamic and reversible RNA modifications have important roles in RNA homeostasis. Four decades ago, N 6 -methyladenosine (m 6 A) modifications were found to be abundant in eukaryotic transcriptomes 1 . They have diverse functions in messenger RNA (mRNA), ribosomal RNA (rRNA), small nucleolar RNA, transfer RNA, and microRNA 2 . The m 6 A modifications of mRNA influence their splicing 3 , translation 4 , degradation 5 , and localization 2 . Moreover, they affect ribosome biogenesis and microRNA function 6 . The evolutionary conservation of m 6 A modifications of RNA is noted in unicellular bacteria to multi-cellular humans 7 . Delineation of the roles of m 6 A modifications is currently under extensive exploration. The efforts are expected to provide new insights into transcription control. Recent studies reveal that other chemical modifications of mRNA 8 also play critical roles in RNA metabolism. A transferase, is a regulator for stem cell pluripotency. A deficiency of Mettl3 leads to early embryonic lethality and aberrant lineage priming at the post-implantation stage 10 . A deficiency of fat mass-and obesityassociated (FTO), an m 6 A demethylase, in adipocytes affects fatty acid mobilization and body weight through posttranscriptional regulation of Angptl4 4 . These studies reveal that m 6 A not only controls mRNA processing, but also plays critical roles in embryological development and patho-physiology. The function of m 6 A modifications holds implications for therapeutic considerations in the future.
Several methods are available to measure m 6 A modifications of RNA [16] [17] [18] . Traditionally, thin layer chromatography (TLC) and high-performance liquid chromatography (HPLC) are used to study the distribution of m 6 A in several RNAs 19, 20 . Mass spectrometry is a sensitive tool for the detection of m 6 A modifications in RNA. However, the RNA needs to be excised by RNase into short fragments before analysis by mass spectrometry 21 . Methyl-RNA immunoprecipitation and sequencing (m A modifications at a single-nucleotide resolution 23 . Both methods provide details of m 6 A modification across the whole transcriptome, with specific genes' information. However, quantifications and standardization in both methods are difficult if experiments require the comparison of multiple conditions. Moreover, fragmentations of RNA for m 6 A-Seq alter the original RNA structure, which may affect native m 6 A levels. To detect global m 6 A modifications of RNA and their changes under different experimental conditions, we report a method that employs a modified northern blotting protocol. This method resolves RNA by molecular weight, using gel electrophoresis A levels will need to consider this fact. 
RNA Isolation

Representative Results
After 14 days in normal light-dark circadian phase, the wild-type mice were placed in constant darkness. The RNAs from the liver were sampled at 4 hr intervals and studied with modified northern blotting. The methylation of rRNAs, mRNAs, and small RNAs were clearly detected ( Figure  2) . The comparison between different circadian times (CT) can be accurately calculated with the 18S rRNA standard. There was robust circadian oscillation of m 6 A levels in rRNA, mRNA, and small RNAs.
To avoid the interference proffered by rRNA, polyadenylated RNAs can be purified, as in step 1.2.2. After purification, the rRNA can be largely eliminated to allow for better visualization of other RNAs (Figure 3 ). A blot of total RNA from livers of wild-type mice sacrificed on the first day of the dark-dark phase after 14 days of a normal light-dark phase at 4 h intervals. The quantification was done using the m 6 A image density difference between 18S and 28S rRNA. The m . Therefore, a precise and gold-standard method to evaluate the modifications of RNA is needed. The modified northern blotting method provides precise quantification of RNA modifications and clear delineation of the modifications in diverse RNAs. Although the method requires at least 3 days, it can be standardized and can be used in various experimental designs. Moreover, with different antibodies, it can detect different RNA modifications 27 .
It is important to separate different RNAs when analyzing RNA modifications. Ribosomal RNA comprises a large portion of the total amount of RNA 28, 29 . The results from analyzing RNA modifications only in total RNA will represent mostly the changes of rRNA. Methylation and other such modifications of rRNA could potentially mask the changes in other RNAs. With the procedure of gel separation, the modifications of mRNA and other small RNAs can be more accurately analyzed.
Transcriptome-wide mapping with m Modification of RNA is an important step in regulating transcriptional control 31 . However, the homeostasis and the regulatory mechanisms of various RNA modifications under diverse physiological realms are still unclear. Using the present modified northern blotting method, different RNA modifications can be quantified and compared. Furthermore, the changes and regulations of RNA modifications can be investigated in greater detail. In the future, it could also be possible to combine the experimental data from both the classical northern blotting and the modified northern blotting protocols, providing greater insights into RNA biology.
The most important factor determining the success of the modified northern blotting protocol is the integrity of the RNA sample. RNAs with some amount of degradation may yield good classical northern blotting results, but this could potentially have significant impact on the modified northern blotting results. The modifications of RNA in different tissues or cell lines could also vary significantly. It is important to test the suitable RNA sample loads for different tissues before performing the final experiments.
As blotting procedures have been traditionally named after Dr. Southern and different geographical directions, we propose the name "northeastern" blotting for the current technique.
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